Nucleotide sequences for 1035 bp of the mitochondrial cytochrome b gene were used to determine the molecular evolutionary relationships of species in the cosmopolitan avian genus Anthus. Phylogenetic analysis of these mtDNA sequences supported four major clades within the genus: (1) the small-bodied African pipits, (2) a largely Palearctic clade, (3) a largely South American clade, and (4) an African-Eurasian-Australian clade. Anthus hellmayri, A. correndera, and A. rubescens are shown to be paraphyletic. The possibility of paraphyly within A. similis is instead inferred to be the discovery of a new species and supported by reference to the museum voucher specimen. Sequence divergence suggests a Pliocene/Miocene origin for the genus. Although Anthus cytochrome b is found not to be behaving in a clocklike fashion across all taxa, speciation during the Pleistocene epoch can be reasonably inferred for the 66% of sister pairs that are diverging in a clocklike manner. Base compositions at each codon position are similar to those found across a growing number of avian lineages. The resulting phylogenetic hypothesis is compared to previous hypotheses of Anthus relationships, all of which deal with relationships of a particular species or a particular species complex; roughly half of these previous hypotheses are supported.
INTRODUCTION
With approximately 40 species, the avian genus Anthus (pipits; Motacillidae) is one of the more speciose genera of oscine passerines. Anthus is globally distributed, being found on every continent except Antarctica (Sibley and Monroe, 1990) . Individual species distributions range from island endemics (e.g., antarcticus on South Georgia Island) to continental endemics (e.g., lineiventris from Africa) to intercontinental migrants (e.g., trivialis Eurasia to Africa) to species breeding on multiple continents (e.g., cervinus in Eurasia and North America). There is substantial diversity in breeding habitats, and this diversity along with distributional differences have contributed to considerable variation in a number of life history traits such as migratory behavior, clutch size, and molt pattern (Hall, 1961; Clancey, 1990; Voelker, unpublished data) . Yet these differences in life history have received little attention from a phylogenetic standpoint.
The striking similarity in morphology and plumage across Anthus has historically been a barrier to resolving relationships within the genus (Ridgway, 1904; Hall, 1961; Clancey, 1990) , although the similarity has not precluded the description of numerous subspecies (e.g., Hellmayr, 1935; Clancey, 1990 and references therein). Previous works have speculated to a limited extent on the relationships of a few species (e.g., Hall, 1961; Clancey, 1990) , relying primarily on limited variation across morphological characters. A good general description of an Anthus species would be: plumage color generally brown or some combination of brown, white, and black, with black ventral streaking, a long hindclaw, and weighing between 18 and 30 g. A few species do have red (e.g., roseatus Rosy Pipit), green (e.g., hodgsoni Olive-backed Pipit), or yellow color patches (e.g., crenatus Yellow-tufted Pipit), and the body mass of several species are smaller or larger, but deviations from this general description are limited; thus, reliable means to determine relationships have been lacking. Only recently have attempts been made to unravel the phylogenetic relationships of any pipits using ecological and molecular differences Arctander et al., 1996; Foggo et al., 1997) . For example, Nazarenko (1978) defined habitat differences between two species within the ''Water Pipit '' complex (spinoletta (Water Pipit) versus rubescens (American Pipit)), while Knox (1988) summarized ecological and behavioral differences supporting recognition of three species within the same species complex (spinoletta, rubescens, and petrosus (Rock Pipit)). Using molecular data, found a high level of divergence between Siberian and American forms of rubescens, Foggo et al. (1997) found large differences between populations of novaeseelandiae (''New Zealand'' Pipit) from New Zealand and nearby islands, and Arctander et al. (1996) addressed the relationships of berthelotii (which is endemic to the Canary and Madeira Islands). While each of these studies has focused on a limited, and in some cases historically contentious, problem of pipit relationships, a more general understanding of pipit systematics is not available.
In this paper, a segment of mitochondrial cytochrome b sequence was obtained from 41 Anthus individuals representing 35 previously recognized species, as well as from 5 previously determined outgroup taxa. I use these data to generate phylogenies, compare these results to previous studies, and provide a framework for future studies of life history strategies and biogeography across the genus.
MATERIALS AND METHODS
I sequenced 1035 bp of the mitochondrial cytochrome b gene from the 35 Anthus species available in genetic resources collections. This number represents over 80% of the species recognized by Sibley and Monroe (1990) and includes the recently described longicaudatus (Liversidge, 1996) . Multiple specimens from 6 species were included to provide a preliminary insight into species monophyly in cases where the species has a disjunct breeding range (similis, hellmayri, correndera) or has been previously postulated to be polytypic based on other evidence (spinoletta/rubescens/petrosus complex). I did not include the Yellow-breasted Pipit (chloris), a species which has been placed in the genus Hemimacronyx (Cooper, 1985; Voelker and Edwards, 1998) . As outgroups, I use three members of the genus Motacilla (confamilial with Anthus). I also include an accentor (Prunellidae) and an Old World sparrow (Passeridae) suggested as close relatives of pipits and wagtails based on molecular evidence Ahlquist, 1981, 1990; Voelker and Edwards, 1998) .
Cytochrome b Isolation, Amplification, and Sequencing
From 1993 to 1995 I collected Anthus specimens in Russia, Kazakhstan, South Africa, and Argentina. All specimens were prepared in the field as either skin/wing/ tissue or skeleton/wing/tissue combinations; the tissue samples were preserved in liquid nitrogen. Frozen tissues were available for all University of Washington Burke Museum specimens (except A. roseatus and A. spragueii) (Table 1) , and mtDNA was isolated from these specimens via a cesium chloride gradient (Dowling et al., 1990) , which minimizes the chance of amplifying nuclear mitochondrial sequences. Tissues or blood samples of all specimens from other institutions (Table 1) had been stored in buffer, and total genomic DNA was obtained by Chelex extraction (Walsh et al., 1991) , with the exception of A. sokokensis which was prepared via phenol/chloroform extraction and ethanol precipitation.
For most samples, the segment of cytochrome b considered here was amplified via PCR as a single unit using primers L14841 (Kocher et al., 1989) and H16065 (Helm-Bychowski and Cracraft, 1993) . These two primers were also used in various combinations along with L15114, L15299, L15609, H15547 (Edwards et al., 1991) , and H15299 (Hackett, 1996) to amplify DNA from several taxa in overlapping segments. For sequencing, I used the above primers, H15915 (Edwards and Wilson, 1990) , and the following primers designed specifically from Anthus sequences (numbers correspond to 3Ј position in domestic fowl sequence (Dejardins and Morais, 1990) ): L15086 (5Ј-CTCTG-TAGCTCACATATGCC-3Ј), L15376 (5Ј-CTAGCAGAAT-GAGCCTGAGG-3Ј), L15616 (5Ј-GTTGCCCTAACCC-TATTCTC-3Ј), L15811 (5Ј-CCCCTACTCCA-CACATCA-AA-3Ј), H15345 (5Ј-GTAATAACGGTAGCTCCTCA-3Ј), H15671 (5Ј-GGTGTGAAGTTTTCTGGGTC-3Ј), H15853 (5Ј-GGCGGAAGGTTATTGATC-3Ј). I also used L15350 (5Ј-TTACAAACCTATTCTCAGC-3Ј), designed by J. Klicka.
Fragments were amplified in 50-or 100-µL PCRs; amplification conditions were 30 s at 94°C, 30 s at 50°C, and 30 s at 72°C, for 35 cycles. The exception was A. sokokensis which was annealed at 61°C due to multiple bands at lower temperatures. Amplified products were prepared as templates for automated sequencing by purification and concentration in up to 22-µL of water after three passes through Ultrafree-MC filters (Millipore) by centrifugation. Two microliters of the purified and concentrated PCR product were used as a template in a 10-µL DyeDeoxy Cycle Sequencing reaction (ABI), along with one of the above primers, as per manufacturer's instructions (Perkin-Elmer). After cycle sequencing, products were placed on coarse-grained Sephadex columns and cleaned of excess nucleotides via centrifugal passage through the columns (1500 rpm for 7 min). Both light and heavy strands of the entire 1035-bp fragment considered were sequenced using flourescent dye-deoxy chemistry on an ABI Model 373 automated sequencer. Sequences were aligned unambiguously by eye using Genetic Data Environment (developed and maintained by S. Smith, with compilation of programs by various authors; available free from ftp.bio.indiana. edu, in molbio/unix/GDE) and have been submitted to GenBank (pending).
Phylogenetic Analysis and Test of Molecular Clock
All analyses were performed using PAUP* (written by David L. Swofford; results published with permission), and were rooted to Passeridae. In general, I followed the methods described in Voelker and Edwards (1998) for obtaining an estimate of phylogeny, except that all data parameters were estimated in PAUP*. Briefly, I generated an initial neighbor-joining (NJ; Saitou and Nei, 1987) tree in PAUP* using the HKY85 model of DNA evolution which allows for two substitution rates (transitions vs transversions) as well 85 Anthus SYSTEMATICS as unequal base frequencies (Hasegawa et al., 1985) . On this initial tree, ␣ (among-site rate variation) and (transition bias) parameters (see Wakeley, 1993; Wakeley, 1996; Yang, 1996a) were determined simultaneously for each codon position and for the entire data set.
I used these parameters to employ two different strategies for maximum likelihood (ML) analyses. First, I used the overall ␣ and values estimated on the initial NJ tree to conduct a heuristic ML search, using the TBR swapping option. This search was stopped after 4966 rearrangements were performed; the loglikelihood value had not decreased for over 3000 rearrangements, although this analysis still leaves open the possibility of achieving only local optima. I then reestimated ␣ and on this tree, conducted a new heuristic ML search, and repeated this process for a third time. On the final analysis, over 25,000 rearrangements were performed; again the log-likelihood value did not change after the first few thousand rearrangements, and the tree topology had not changed from the previous heuristic search. Second, I conducted ML analyses using the initial NJ as the starting tree. I again used TBR, and followed the methodology described above, but always used the new topology in subsequent analyses. This process was repeated until the tree topology stabilized. Due to the large number of taxa involved, it was logistically impractical to run an To test whether a molecular clock is operating within Anthus, I enforced a molecular clock on the ML phylogeny using PAUP*, and compared this tree to the ML tree (i.e., comparison of branch lengths) via the KishinoHasegawa (1989) test. I also used the two-cluster test (Takezaki et al., 1995) , which examines whether a molecular clock is operating along two daughter lineages created by an interior node of a tree. I applied this test, using the ML topology and Tajima-Nei distance, to determine whether sister taxa inferred to be the result of Pleistocene speciation (via the now traditional but noncritical criterion of percentage sequence divergence) have in fact diverged in a clocklike fashion.
RESULTS

Cytochrome b Dynamics
I aligned 1035 bp without insertions or deletions. Because mtDNA was isolated for many specimens and the entire fragment of cytochrome b was typically isolated as a single unit for amplification, nuclear copies are less likely for these taxa, but have a greater chance of amplification from those specimens whose tissue was preserved in buffer (as mtDNA could not be isolated from these samples). However, the lack of alignment problems and stop codons was evidence that the genes amplified were of mitochondrial origin.
For the 1035 nucleotide sites 550 were variable, of which only 386 would be considered informative under parsimony criteria. This range of variability was found both across all taxa considered, and within Anthus alone. Of variable sites, 161 were at first, 81 at second, and 308 were at third codon positions. Of the parsimony informative sites, 95 were at first, 24 were at second, and 267 were at third codon positions.
Mean base composition is similar across all taxa and within Anthus (Table 2) . These mean values are comparable to most other empirical values found across diverse avian lineages; thus, compositional bias is similar as well. Little bias in nucleotide composition is found at first positions, whereas second positions show a high percentage of T's. Third codon positions show an extreme lack of G and to a lesser extent T nucleotides, a finding that is consistent among avian and mammalian lineages (e.g., Irwin, 1991; Nunn and Cracraft, 1996; Voelker and Edwards, 1998) . Uncorrected sequence divergence ranged from 8.88 to 19.23% between outgroups and Anthus. Sequence divergence within Anthus ranged from 2.51 to 17.48%. A small number (six) of the sequence divergence comparisons between sister taxa would be consistent with Pleistocene speciation events ( Table 3 ). Note that for the two comparisons which represent within species comparisons, sequence divergence is substantially higher than might be expected for conspecifics (Table 3) .
As expected for a protein coding gene, substantial rate heterogeneity was present across codon positions (Table 2 ). Both across all taxa and within Anthus, the low ␣ values at first and second codon positions suggests that most sites have either a low substitution rate or are invariable, whereas the higher values for third positions suggests that most sites have intermediate substitution rates with only a few sites having very low or very high rates (Sullivan et al., 1995; Yang, 1996a) . Third positions were also found to have a much higher transitional bias () compared to first and second codon positions.
Phylogenetic Analysis and Molecular Clock
Both strategies of maximum likelihood analysis resulted in the same tree topology (Fig. 1) . I rely on this ML tree as a better estimate of phylogeny for several reasons. First, there have been an increasing number of studies in which cytochrome b data have been unable to provide reasonable levels of support for relationships under certain phylogenetic algorithms, especially when rapid cladogenesis is inferred (e.g., Lara et al., 1996 ; Mariaux and Braun, 1996; Nunn and Cracraft, 1996; Randi, 1996; Voelker and Edwards, 1998) . To determine whether this phenomenon is apparent in this data set, I also performed maximum parsimony (MP) and neighbor-joining (NJ) analyses. In MP all sites were initially treated as unordered character states with equal weight. was incorporated (as the correlated transition: transversion ratio) into subsequent analyses via stepmatrices applied to each codon position. I used heuristic search, random addition, with 10 replicates for each weighting scheme. Cladistic signal was determined for each clade by bootstrapping (100 replicates; Felsenstein, 1985) . NJ was used to fit a tree to a matrix of HKY85 distances; cladistic signal was determined for each clade via subsequent bootstrapping analysis (1000 replicates).
Equally weighted MP analysis resulted in 32 equally parsimonious trees (2233 steps), found 8 other trees which were only 1 step longer, and did not resolve the relationship of Anthus relative to Motacilla. MP and NJ bootstrap analyses failed to recover many nodes within Anthus at greater than 60% (see Fig. 1 ), a marginal level of support, as well as the node between Anthus and Motacilla (but see Voelker and Edwards, 1998) ; these internodes are generally much shorter than those internodes receiving bootstrap support. This suggests that bootstrapping has difficulty recovering short internodes (rapid cladogenesis), which tends to reflect few parsimony informative characters, unless those branches tend to be near a terminal pair of taxa on the tree.
Second, recent studies have observed problems in the reliability of NJ and MP under certain conditions. For NJ, accuracy in recovering trees has been shown to decrease both when the number of taxa included increases and when branch lengths are short (Strimmer and von Haeseler, 1996) . Under MP, not only is an explicit model of evolution lacking, but there is evidence that stringent and unrealistic assumptions about substitution processes exist (Yang, 1996b) . Due to these shortcomings, Yang and Goldman (1996) suggest that parsimony analysis is ill-adapted to studying the evolutionary process. A further concern is that incorrect placements of taxa can nonetheless provide substantial levels of bootstrap support under parsimony criteria (Naylor and Brown, 1997) .
Finally, ML has been shown to outperform other methods, is less sensitive to base composition inequalities and models of DNA substitution, accounts for multiple hits, and allows for the incorporation of critical parameters estimated directly from the data being considered (Huelsenbeck, 1995; Perna and Kocher, 1995; Schöniger and von Haeseler, 1995; Swofford et al., 1996; Sullivan and Swofford, 1997) .
The fully resolved ML tree, then, suggests that Anthus can be divided into several major clades: (1) the small-bodied African pipits (sokokensis, brachyurus, and caffer), (2) a largely South American radiation, (3) a clade composed largely of Palearctic migrants, and (4) an African-Asian-Australian clade consisting of generally larger species (Fig. 1) . Relationships for several of these groupings received reasonable levels of bootstrap support ( Fig. 1 ) and are consistent with previously postulated estimates of phylogenetic affinities (see below). Within each of these clades, there are a number of smaller groupings of taxa that receive support from one or both of the bootstrapping analyses.
This tree also suggests that a number of species are paraphyletic (hellmayri, similis, correndera, rubescens). This is not surprising given the morphological similarity of pipits and the shortage of life history and other biological (e.g., behavioral) data that might contribute evidence for recognizing subspecies as species.
The molecular clock-enforced ML tree was significantly worse (-ln L ϭ 11980.82; P Ͻ 0.0001) than the nonclock ML tree; thus, Anthus cytochrome b is not behaving, across all taxa, in a clocklike fashion. This is evident in sister taxon comparisons (Table 3) ; the results of the two-cluster test suggest that the cytochrome b of just 66% (four of six comparisons) of the sister taxa inferred to be the result of Pleistocene speciation events by the criteria of percentage sequence divergence can with some measure of confidence be dated according to a molecular clock concept. Note. The two-cluster test (Takezaki et al., 1995) is used to test whether these sister taxa are in fact diverging in a clocklike manner.
a Time in millions of years, assuming 2% sequence divergence per million years.
b Corrected to account for amounts ancestral diversity inferred for several species (350,000 years; see text).
c CP is the confidence probability (1 Ϫ P value) for the two-cluster test, with larger values indicating increasing certainty of rejection of a molecular clock; values greater than 95% (P Ͻ 0.05) reject a molecular clock outright. 
DISCUSSION
Cytochrome b Dynamics
The differences in base composition found here are strikingly similar to those found across a growing number of distantly related avian lineages. These include oscine (Edwards et al., 1991; Hackett, 1996; Nunn and Cracraft, 1996; Voelker and Edwards, 1998) and suboscine (Edwards et al., 1991) passerine taxa, as well as nonpasserine taxa such as cranes (Krajewski and King, 1996) , woodpeckers (Cicero and Johnson, 1995) , galliformes (Randi, 1996) , and Pelecaniformes (Friesen and Anderson, 1996) . The similarity in base composition across these disparate avian lineages indirectly suggests similarity in cytochrome b dynamics due to patterns of directional mutation pressure (Sueoka, 1992; Jermiin et al., 1995) , an idea which has only recently and preliminarily been addressed in birds (i.e., Griffiths, 1996; Krajewski and King, 1996) .
Short internodal distances at several deeper splits on the tree suggest a rapid divergence of pipits approaching a star phylogeny. Short internodal differences have been attributed to rapid evolution and thus short time intervals between the divergences of a number of higher level avian and mammalian relationships (Sibley and Ahlquist, 1990; Bleiweiss et al., 1994; Lara et al., 1996; Sheldon and Gill, 1996; Voelker and Edwards, 1998) . The idea of rapid cladogenesis can be tested with another gene region.
Assuming the commonly employed rate of avian molecular sequence divergence of about 2% per million years (several independent correlations of sequence divergence rate fall near this value; i.e., Shields and Wilson, 1987; Tarr and Fleischer, 1993; Wood and Krajewski, 1996) , only a small fraction of the pairwise comparisons of sequence divergence within Anthus are consistent with Pleistocene speciation events (Table 3) ; most suggest Pliocene or Pliocene/Miocene origins. This result is consistent with molecular evidence which either refutes many postulated Pleistocene passerine sister taxa speciation events (Klicka and Zink, 1997) or strongly suggests that diversification among passerine groups is lower in the Pleistocene than in previous periods (Zink and Slowinski, 1995 ; but see Avise and Walker, 1998) . This is true for Anthus even if interspecific divergence estimates are corrected for amounts of ancestral diversity suggested for other species (about 350,000 years; Moore, 1995; Edwards, 1997 ; but see Avise and Walker, 1998) , although the general applicability of this value across taxa is as yet undetermined.
However, it should be apparent that if a molecular clock is operating, rates of sequence divergence must be equal, or very nearly equal, along each daughter lineage above a given node on the tree. If this is not true, then dates cannot be reliably assigned to such nodes and divergence estimates are incorrect. Both tests for a molecular clock for Anthus reject the possibility that all lineages in this genus are evolving in a clocklike fashion (Table 3) ; the two-cluster test was able to determine specifically which of the sister taxon comparisons (which were possibly the result of Pleistocene speciation) were nonclocklike (Table 3 ).
Yet, despite the inference of clocklike behavior for some of these sister taxa comparisons, it is quite unlikely that similar rates are in effect between these same sets of sister taxa. For example in Table 3 , although the sisters correndera (1)/antarcticus and hellmayri (1)/bogotensis are both inferred to be diverging according to a clock, the node which links these two sets of sister taxa (Fig. 1) is not clocklike (Voelker, in prep.) . So, while the two daughters within each of the above sister taxa comparisons are diverging from each other in a clocklike fashion, those same two sets of sister taxa are not diverging from each other at the same rate. Despite this problem, rate heterogeneity is usually moderate when closely related sequences are used (Takezaki et al., 1995) . Therefore, though a time can be inferred at all clocklike sister taxa nodes (and at other clocklike nodes deeper within the tree; Voelker, in prep.), the tenuous nature of rate homogeneity at all clocklike nodes should be recognized.
Phylogenetic Relationships
There are no previous hypotheses addressing the phylogenetic relationships within the entire genus to which the ML phylogeny can be compared. However, the phylogenetic hypothesis presented here, which includes most extant Anthus species, can be compared to studies that have provided evidence to support relationships between particular species.
Small-Bodied Pipits
Of the four major clades resulting from the ML analysis, only the African small-bodied pipit clade (A. sokokensis/A. brachyurus/A. caffer) has previously been recognized by several authors (e.g., Hall, 1961; Hall and Moreau, 1970; Clancey, 1990 ). This grouping was based largely on body size, wing formula, and hind claw shape compared to virtually all other Anthus species. Within this clade, Hall and Moreau (1970) postulated that sokokensis and caffer were most closely related based on closer body size proportions and dorsal color, compared to brachyurus; this is not supported by the ML phylogeny.
South American Radiation
Within the clade consisting almost entirely of a South American radiation, the ML phylogeny supports the contention of Hall (1961) that correndera and antarcticus are sister taxa, but does not support a superspecies relationship consisting of these species and novaeseelandiae (Hall and Moreau, 1970) . The ML phylogeny supports a sister relationship between lutescens and spragueii (endemic to North America), which conflicts 90 with Hall's (1961) conclusion that spragueii is a subspecies of furcatus, while at the same time supporting her contention that it was in fact part of the otherwise entirely South American radiation.
Also within this South American clade, the ML phylogeny suggests that species limits within hellmayri and correndera need further study. Representative samples from two subspecies (for each species) were not most closely related to each other. For hellmayri, the two subspecies considered (A. h. hellmayri and A. h. brasilianus) breed in allopatry, separated by most of northern Argentina and Paraguay (see Ridgely and Tudor, 1989) . They are highly distinguishable ''subspecies,'' differing in size, coloration, and amount of ventral streaking and have slightly different song (pers. obs.). The third hellmayri subspecies, A. h. dabbenei (unavailable), also breeds in allopatry from the other subspecies, separated by most of central Argentina, and is the only subspecies of hellmayri that is an austral migrant. Thus hellmayri as currently recognized may be a composite of up to three phylogenetic species (Zink and McKitrick, 1995) .
The relationships of the two subspecies of correndera included here (nominate correndera and A. correndera catamarcae) suggest that this species is paraphyletic as well. Morphological differences are less striking between these taxa than between hellmayri subspecies. I am aware of no other differences reported in the literature which might have supported earlier speculation about species limits, with the exception of a range disjunction between northern subspecies (catamarcae and A. correndera calcaratus) and southern subspecies in northwest Argentina; this region in fact divides the ranges of many species (see Ridgely and Tudor, 1989) and is part of an area of endemism for still others (Cracraft, 1985) .
Palearctic Migrants
Within the clade of largely Palearctic migrants, the relationships within the ''Water Pipit complex'' have received much attention (see reviews in Knox, 1988; Arctander et al., 1996) . Initially considered one Holarctic breeding species, spinoletta, the complex was split into three species consisting of petrosus (coastal Europe), spinoletta (Eurasia to eastern Siberia), and rubescens (eastern Siberia and North America). Species status for petrosus was based on allopatric breeding and different ecological associations compared to spinoletta (Knox, 1988) . Differences in ecological associations compared to spinoletta (Nazarenko, 1978) also prompted the recognition of rubescens as a distinct species. Based on differences in morphology and vocalizations, Alström and Mild (1987) supported splitting rubescens from spinoletta and suggested that spinoletta and petrosus were closer to each other than either was to rubescens. This suggestion is supported by the ML phylogeny, which places pratensis between rubescens and petrosus/spinoletta.
Based on a recent analysis of mitochondrial DNA restriction fragments, found that the eastern Siberian race of rubescens and a North American race of rubescens were highly differentiated, at a level suggesting species status for both (P ϭ 0.029; . Although only one specimen of each ''species'' was included in this study, they are roughly 3% sequence divergent (Table 3) , which is equal to the restriction fragment difference found by . In addition to these genetic differences, these two ''species'' have differentiated in migratory habits, each wintering on the same continent on which they breed (Dement'ev and Gladkov, 1970; Cramp, 1988) .
Several authors (Hall and Moreau, 1970; Clancey, 1990) have suggested a close relationship between spinoletta (or the Water Pipit complex) and similis; this relationship is not supported by the ML phylogeny.
African-Asian-Australasian Radiation
A. novaeseelandiae has until recently been described as a wide ranging (southern Africa to New Zealand) superspecies, in which relationships were poorly understood. Glutz von Blotzheim and Bauer (1985) split the complex into five species based on allopatric populations or allopatric groups of subspecies. All African subspecies are now considered races of cinnamomeus; richardi comprises the migratory Asian populations, rufulus the sedentary races from south and southeast Asia, australis all races from Australia and New Guinea, and novaeseelandiae those populations from New Zealand; most current treatments generally recognize these divisions (e.g., Clancey, 1985; Sibley and Monroe, 1990 ), but retain australis as a subspecies under novaeseelandiae (see Christidis and Boles, 1994) . The ML phylogeny does not support a close relationship among these species: while richardi and rufulus are sister species, novaeseelandiae and cinnamomeus are both more closely related to other species (Fig. 1) . Recent molecular work suggests that several populations of novaeseelandiae (sensu Glutz von Blotzheim and Bauer, 1985) from small islands near New Zealand warrant species level recognition (Foggo et al., 1997) . Morphologically, the recently described longicaudatus is closest to vaalensis (Liversidge, 1996) ; a close relationship between these species is also supported by the ML phylogeny. The level of sequence divergence (5.2%) is suggestive of the species level distinction supported by morphological and vocal and foraging behavior differences (Liversidge, 1996; Pers. obs.) .
In a recent study addressing the phylogenetic relationships of Berthelot's Pipit (berthelotii), Alström and Mild (1993) presented data on morphology, vocalizations, and behavior which suggested a close relationship with campestris. Arctander et al. (1996) found unambiguous molecular evidence supporting berthe-lotii and campestris as sister taxa compared to six other Anthus taxa. The relationship between these two taxa is supported by the ML tree. However, the close relationship suggested by Arctander et al. (1996) between these two taxa and novaeseelandiae (A. n. lacuum (ϭcinna-momeus)) based on molecular evidence and juvenile plumage is not. Instead the ML phylogeny places berthelotii/campestris as sister to leucophrys, which also conflicts with the highly speculative suggestion of Bourne (1995) that they are closely related to similis.
The placement of leucophrys on the ML tree conflicts with speculation that it is part of a superspecies consisting of leucophrys, vaalensis, and pallidiventris (the latter was not available for this study) (Hall and Moreau, 1970; Keith et al., 1992) . The ML phylogeny supports Clancey's (1985) recognition of nyassae and hoeschi (see also Mendelsohn, 1984) as being distinct from similis.
The two ''similis'' specimens included are not close relatives. Reexamination of the voucher specimen for similis 1 (housed at the MacGregor Museum, Kimberley, South Africa) has shown this specimen to be distinctly different from any described race of similis in coloration, wing shape, and several other morphological characters of which the most striking is a beak about 30% shorter than mean beak lengths published for similis (Long-billed pipit; Keith et al., 1990 ). The specimen is also different from any other described species of Anthus. Formal description of this new pipit species is in progress (Voelker and Liversidge, unpub. manuscript) .
Given the great morphological similarity and number of species in this genus, it is hardly surprising that no previous hypotheses of the phylogenetic relationships among all species of Anthus exist. Hall (1961) elaborated on the values and limitations of five sets of morphological characters in classifying pipits: color and pattern, size, hind claw, tail pattern, and wing formula. That these characters are more limiting than useful seems apparent from the general lack of relationships proposed. For instance, juvenile plumage and molt patterns may be useful to some degree (Hall, 1961; Arctander et al., 1996) , but plumages and patterns are undocumented for many species (e.g., Keith et al., 1992; Maclean, 1993) so few relationships can be postulated based on these characters. Another potentially useful character, patches of color, is of limited value as the majority of species lack colors other than browns. The few relationships that could be implied using morphological characters do not necessarily agree with the ML tree. While possession of pink underparts would link cervinus and roseatus as close relatives, in agreement with the ML tree, possession of yellow axillaries (roseatus, lineiventris, and crenatus) or green wing edges (roseatus and hodgsoni) would imply close relationships which conflict with the ML tree. Overall, the problems of morphological similarity and lack of life history information for many Anthus taxa has resulted in few well-supported or agreed upon species relationships, which in turn has contributed to both paraphyletic species designations and several cryptic species being unrecognized until recently (Liversidge, 1996;  this study); it is not unlikely that other Anthus species will prove paraphyletic and that other cryptic species await discovery.
Beyond being an hypothesis of pipit relationships, the ML topology presented here provides a framework for testing evolutionary hypotheses for this widespread group. While the addition of the few species not included here may change relationships to some degree, this phylogeny makes it possible, for the first time, to begin reconstructing the biogeographic history, evolution of migration, and evolution of clutch size from a historical perspective in this diverse passerine genus.
